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230 Rapid Library (RL) was prepared for each transcriptome (4 males and 4 females) according to 231 Rapid Library Preparation Manual (my454.com). Equal amounts from each of 8 Rapid Libraries 232 (10 7 molecules per µl dilution) were mixed and then used for emPCR. Further steps followed the 233 provider´s instructions for sequencing with GS Junior (Roche; emPCR Amplification Method 234 Manual Lib-L and Sequencing Method Manual, my454.com). We obtained >165000 high quality 235 (HQ) reads. HQ 454 Reads were multiplexed, trimmed (i.e. using a trimming database that 236 contains primers used for library preparations), filtered and aligned into contigs against Mus 237 musculus cDNA database ("the super-set of all known, novel and pseudo gene predictions"; 238 ensembl.org, 17-FEB-2015 version) and using GS Reference Mapper (Roche). Differential 239 expression was analysed in R software using the DEseq routine within the Bioconductor package 240 (Gentleman et al. 2004 (Pavelka et al. 2004 ). This model was first developed 268 to quantify microarray data (Pavelka et al. 2004 ), however, due to similar statistical properties -269 namely the distribution of signal values deviating from normality -it has proved to be an 270 amenable model for the quantification of label-free MS-based proteomics data (Pavelka et al. 271 2008) . First of all, we reduced our data such that only the proteins that were detected in three or 272 more individuals were used (i.e. 457 proteins). Next, we calculated the signal-to-noise ratio -273 STN (equation provided in (Pavelka et al. 2008) ), because it explicitly takes unequal variances 274 into account and because it penalizes proteins that have higher variance in each class more than 275 those proteins that have a high variance in one class and a low variance in another (Pavelka et al. 276 2004) . Because PLGEM can only be fitted on a set of replicates from the same experimental 277 condition we have done this for female data. Correlation between the mean values and standard 278 deviations was high (r 2 = 0.96, Pearson=0.94) so we continued with the resampled STNs and 279 calculated differences with corresponding p-values between males and females. 280 281 PLGEM analysis of the level of sexual dimorphism revealed that 68 (14.9%) out of 457 proteins 282 identified at 1% FDR and p<0.05 were sexually dimorphic, Fig. 1 . Male biased proteins included 283 36 (7.8%) and female biased proteins included 32 (7%) successful identifications. Thus, male-284 biased proteins were not more common than female-biased proteins in the tear proteome of the 285 house mouse subspecies M. m. musculus. The most dimorphic proteins included the female-286 biased OBP5, and OBP7, the male-biased MUP4, the male-only ESP1, male-biased ESP36, and 287 several male-biased secretoglobins (SCGB1B19, SCGB1B20/25, SCGB1B24, SCGB1B3, 288 SCGB2A2 -Mammaglobin, SCGB2B3, SCGB2B7). Kallikrein 1-related peptidases were also 289 significantly sexual dimorphic (i.e. female-biased), however, this pattern (though significant) 290 was not consistent across all the females tested, Fig. 2 . Interestingly, we have also detected 291 sexually dimorphic BPI proteins. Bactericidal/permeability-increasing proteins (BPI) are ~50kDa 292 proteins that are a part of the innate immune system, and have an antibacterial activity against 293 the gram-negative bacteria (LeClair 2003b). We have detected three BPIs, of which BPIFA2 was 294 male biased, BPIFA6 was female biased, whilst males and females equally expressed BPIFB9B. 295 296 The most abundant tear proteins 297 Based on the median value we sorted our data to detect the most abundant proteins in the tear 298 proteome, Fig. 2 . We have filtered out potential contaminants such as keratins and also trypsins 299 which are the enzymes that cleave all peptides before LC-MS in this study. The top 5% of the 300 most abundant proteins that characterize the soluble tear proteome of the mouse are depicted in 301 Fig. 2 , and include for example the female-biased lipocalins OBP5, OBP7, the unbiased 302 lipocalins OBP1 and LCN11, and the male-biased lipocalin MUP4. Other proteins dominating 303 the soluble tear-proteome included three male-biased secretoglobins (SCGB1B3, SCGB1B20, 304 SCGB2B20/ SCGB2B27), two unbiased secretoglobins (SCGB1B2, SCGB2B2), male-biased 305 carbonic anhydrase 6 (CAH6), (unbiased) exocrine secreted peptide ESP6, Lacrein, and female-306 biased prolactin inducible protein (PIP). Interestingly, out of the top 5% most abundant proteins, 307 50% of them (i.e. 11) were significantly sexual dimorphic. Thus, even though the level of sexual 308 dimorphism is rather low within the complete tear proteome (i.e. 15%), those few proteins that 309 were most abundant were often the most sexually dimorphic. 310 311 Sex-unique proteins 312 It is always difficult to presume that some peptides/proteins are sex unique, because some of 313 them might have been lost during data filtering at the level of a particular FDR or they may be 314 below the limit of the equipment detection. Thus, we provide visual representation of all proteins 315 using MA plot, also including potentially sex-unique proteins (Fig. 1) , where significant points 316 are colored from green (p<0.05) to blue (p<0.01). Female-unique proteins included 317 S10A8/S10A9 which are calcium-and zinc-binding proteins and which play important roles in 318 the regulation of inflammatory processes and immune responses, and can induce neutrophil 319 chemotaxis and adhesion (Vogl et al. 2007 ). We have also detected the secretoglobin 320 SCGB2B20 which is female-unique in tears under this study but male-biased in the saliva 321 proteome ), thus suggesting that there are multiple sources of expression of 322 this protein. We have also detected the female-unique kallikreins KLK1B22, KLK1B1, and 323 KLK1B3. They are, however, female-biased in the mouse saliva and not 324 unique. Other female-unique proteins invlolved RENI2, LIPR1 and one keratin (KT33A). 325 326 Male-unique proteins included the Secretoglobin SCGB1B19, the exocrine gland-secreted 327 peptide ESP1, ZA2G (i.e. Zn-Alpha2-Glycoprotein), CUZD1 (zona pellucida-like domain-328 containing protein 1), and products of two predicted genes Gm12887 and Gm1330. Previously 329 we provided evidence that ESP1 is male-biased in mouse saliva and that it presumably cannot 330 function as a male pheromone if females produce this peptide too. ESP1 has been described as a 331 7kDA male-specific signalling protein in the laboratory mouse and was named as the exocrine 332 gland-secreted peptide-1 or ESP1 (Kimoto et al. 2005 ; Kimoto et al. 2007 ). ESP1 is produced by 333 the mouse lacrimal glands, secreted with tears and when experimentally transferred to the female 334 vomeronasal organ, it stimulates V2R-expressing vomeronasal chemosensory neurons, and thus 335 elicits an electrical response (Kimoto et al. 2005 ). In mouse tears, ESP1 was also male-unique 336 and co-expressed with other ESPs (ESP3, ESP4, ESP6, ESP15, ESP16, ESP18, ESP34, ESP38). 337 Previously we have suggested that ESP1 (and potentially also other ESPs) may simply be 338 involved in the defence system against bacteria because their structures have a strong 339 electrostatics antipathy ). This theory, however, needs to be further tested in 340 vitro with different cultures of pathogens. 341 342 Transcriptome: mRNAseq based analysis of exo-orbital lacrimal glands 343 We used transcriptomic analysis to detect the most likely site for tear protein expression. We also 344 searched for a sexually dimorphic expression pattern with the DESeq routine within the 345 Bioconductor package (Gentleman et al. 2004 ) to detect protein-coding transcripts that may 346 account for sex-specific differences. We have filtered for further analysis only the data where the 347 sum of counts per row ≥ 10. Then, we normalised the data with a size factor vector to make the 348 libraries comparable. Because DESeq calculates sexual dimorphisms from the original non-349 transformed number of counts we first looked at the level of variation between replicates within 350 sex. When dispersion values are plotted against the means of the normalised counts (Fig. 3b) it is 351 evident from the slope of the red fitting curve that data with a low mean of normalized counts 352 have higher levels of dispersion than high expression data. 353 354 Having estimated the dispersion for each gene we next performed the analysis of differentially 355 expressed genes by calling the nbinomTest in DESeq. The resulting pattern is plotted using MA 356 plot (Fig. 3c ) with red colouring of those genes that are significant at FDR=0.1 (i.e. False 357 discovery rate). Significantly female-biased genes with a p-value < 0.05 at FDR=0.1 include 358 Obp5, Obp7, Obp8, Spt1, Hba, and Scgb2b1. Similarly, male biased genes with a the p-value < 359 0.05 at FDR=0.1 included for example Mup4, Esp1, Esp16, Esp18 and several secretoglobins 360 graphically demonstrated with the heat-map in Fig. 3d . 361 Next we asked which of the above sex-biased genes are most differentially expressed. Using p-362 adjusted values (p<0.05) these genes included a total of 13 genes with female-biase Obp5, Obp7, 363 and Spt1, whilst male-biased genes included the male-biased Mup4, six male-biased 364 secretoglobins, and two ESPs (ESP16, ESP18). Potentially interesting data though marginally 365 significant or with potential trends and those that were not sexually dimorphic but still highly 366 expressed are provided as a Supplementary Dataset. 367 Graphical representation of the tertiary structure of MUP20, MUP1, OBP1, and LCN2 with electrostatics modelling and scaled from -1kTe (red, negative) to +1kTe (blue, positive).
Although, their structures are highly similar due to their beta-barrel pocket, the distribution of positive and negative charges are non-random with OBP1 and LCN2 showing a great level of amphipathy.
